. 1986. Vegetation composition on recent landslides in the Cascade Mountains of western Oregon. Can. J. For. Res. 16: 739-744. Shallow, rapid landslides are common events and significant causes of vegetation disturbance in the Pacific Northwest. Landslides remove surface soil and above-and below-ground biomass from steep slopes and deposit them downslope or in streams. Vegetation cover and frequency were sampled on 25 landslides aged 6-28 years in the Cascade Mountains of western Oregon. Landslides sampled were debris avalanches ranging in surface area from 36 to 1287 m 2 , in elevation from 460 to 1100 m, and in slope from 40 to 173%. The landslides originated in undisturbed forests, recently harvested tracts of timber, road cuts, and road fills. Substrates within landslide areas were separated into five types and the vegetation cover was estimated for each: bedrock, 19%; secondary erosion, 25%; primary scar, 51%; secondary deposition, 57%; primary deposition, 71%. Vegetation cover averaged 51% overall and cover ranged from 7 to 88% among landslide sites. No relation between landslide age and vegetation cover was established. Pseudotsuga menziesii (Mirb.) Franco was the most common tree species overall and dominated all substrates except bedrock. where no single tree species occurred on more than 20% of the plots. Rubus ursinus Cham. & Schlecht. was the most common shrub species on all substrates. Anaphalis margaritacea (L.) B & H and Trientalis latifolia Hook. were the most common herb species on all substrates except bedrock. where annual Epilobium spp. were most common.
Introduction
Shallow, rapid mass movements of soil, here called landslides, are common in the steep terrain of the Pacific Northwest. occurring in both undisturbed and managed forests Swanson 1976: Ketcheson and Froehlich 1978; Megahan et al. 1978) . Landslides are a significant cause of vegetation disturbance (Veblen and Ashton 1978; Hupp 1983 ) and affect subsequent timber productivity for several decades at least (Miles et al. 1984) .
Landslides move mineral soil, organic matter, and above-and below-ground biomass from steep slopes (Flaccus 1959; Hupp 1983 ) and deposit them downslope or in stream channels. The newly exposed subsoil in landslide scars holds few residual root crowns or seeds to sprout and occupy the site, but deposits of landslide debris may have some surviving crowns or seeds near the surface.
Vegetation succession after landslides is described by Flaccus 'Revised manuscript received March 7. 1986.
(1959) in New Hampshire, Mark et al. (1964) in New Zealand, Veblen and Ashton (1978) in Chile, Hupp (1983) in Virginia,
and Shimokawa (1984) in Japan. Smith et al. (1983) sampled vegetation on landslides in a Tsuga lzeteroplz ylla (Raf.) Sarg.
coastal forest in British Columbia. Little is known about the development of vegetation after landslides in the Pseudotsuga menziesii (Mirb. ) Franco region of the Pacific Northwest.
The purpose of this study was to examine the composition of vegetation on recent landslides in the vicinity of the 'H. J. Andrews Experimental Forest in the western Cascade Mountains of Oregon. We examined differences in vegetation frequency and cover on landslides of varying ages and on different substrates within landslides.
Methods
The site for the study was the H. T. heterophylla and Thuja plicata Donn. Average annual precipitation totals approximately 2400 mm. primarily as rain, with 709c falling from November to March. Volcanoclastic rocks and lava flows dominate the geology of the area (Swanson and James 1975) .
Inventories of 257 landslides occurrin g in the 12 300 ha area since 1946 (Dyrness 1967; Swanson and Dyrness 1975; Marion 1981) provided the population from which sites were selected for sampling vegetation composition.
A random sample of 25 landslides from throughout the study area was taken from the 257 inventoried landslides. A grid system established on each of the sampled landslides was used to locate 20 circular plots of 2.27 m radius in an even distribution over the landslide surface. Where the landslide debris was deposited immediately downslope from the landslide scar. both areas were sampled: otherwise. only the scar was sampled. Where 20 plots would not fit on the landslide without overlap, the number of plots was reduced accordingly.
Ocular estimates of percentage of canopy cover were made for each plant species or genus to the nearest 5% (except for 1-5% and 99% cover), with plants less than 1% cover given a 1% value. Average canopy cover for each species was based only on the plots on which the species occurred. Total vegetation cover was also estimated for each plot. Species frequency was calculated as a percentage of the total number of plots on which the species occurred. Taxonomy and nomenclature of vascular plant species follow Hitchcock and Cronquist (1973) .
Each plot was subjectively classified into one of five substrate types: bedrock. secondary erosion. primary scar, secondary deposition. and primary deposition (Fig. 11 . Secondary erosion included areas of the landslide site that had undergone a significant net loss of substrate material caused by active surface erosion following initial landslidine. Primary scars included those areas of the landslide scar that were not bare bedrock and had not undergone active surface erosion. Secondary deposition included those areas where postlandslide erosional materials were being deposited. Primary deposition occurred on areas that received the orieinal landslide debris, but did not receive secondary deposits of erosional material. General site data were also obtained. including slope gradient. aspect. elevation, size. type. and age of landslide.
Results
Inventoried landslides and those sampled were primarily debris avalanches. Surface area ( horizontal projection) ranged from 36 to 1287 m 2 , elevation from 460 to 1100 m (measured in middle of scar), slope was 40 to 173%. and age from 6 to 28 years. The sampled landslides originated in undisturbed forests, recent harvest units, road cut banks, and road tills ( Table 1) .
The substrate types were unevenly distributed among landslides and varied in area covered (Table 2) . Primary scars covered 64% of the total landslide area, whereas bedrock covered less than 5% of the total landslide area. The sampled landslides in the study area occurred in deep. unconsolidated volcanoclastic soils where bedrock is at least several metres deep and is. therefore, not commonly exposed by landslides.
Areas of primary deposition constituted a relatively small proportion of the total landslide area, because much transported material moved directly into stream channels and was deposited downstream. The area in primary deposits may have been underestimated because of becomin g obscured by relatively quick revegetation of thin deposits.
Average vegetation cover for all landslides was 51% , ranging from 7 to 88%. Total vegetation cover and individual species cover were not significantly (p = 0.05) related to landslide age over the limited span of age available (r2 = 0.10). Stratification of vegetation cover by substrate type did not improve the relation with landslide age. Landslide flora included 141 species (some identified only to genus), with 27 species occurring on more than 15% of the plots (Table 3 ). The vegetation was dominated by P. menziesii and Rubus ursinus Cham. and Schlecht., which occurred on 58 and 62% of the plots, respectively. Pseudotsuga menziesii and other tree species were present as seedlings and saplings, ranging from less than 1 to 10 m tall. The herbs Anaphalis margaritacea (L.) B & H, Trientalis latifolia Hook., Hieracium albtflorum Hook., and Galium spp. had a frequency of greater than 40%, but averaged only 1 to 2% cover. The tree species Tsuga heterophylla, Thuja plicata, Alnus rubra Bong., and Acer macroph yllum Pursh. had frequencies of 18-27%. Alnus rubra averaged 27% cover where present, compared with P. menziesii, wich averaged 14% cover.
Certain species were restricted in their distribution among landslides. Agrostis spp., annual Lotus spp., and two Festuca species were found on road-related landslides and on a few landslides within clear-cuttings. These species are often included in seed mixtures that are applied to roadside areas for erosion control.
Pseudotsuga menziesii and R. ursinus were present on all landslides except for two very small (237 and 145 m 2) landslides surrounded by old-growth forest. Although the surrounding managed land has been hand planted with P. menziesii, only one landslide was planted (see 18-year-old landslide, Table 1 ). These planted trees were included in the data on vegetation cover.
Vegetation cover varied among substrate types (Table 2) . Cover was 19% where bedrock limited rootin g medium and progressively increased with more stable soil to 78% on areas of primary deposition. Cover of trees, shrubs, herbs, and g,rasses (following the classification of Garrison et al. 1976 ) also varied between substrates (Table 3) . Trees had their highest average cover on the areas of primary and secondary deposition: trees and herbs had their highest cover on primary scar and bedrock: herbs had their highest cover in erosion areas. Grasses did not have cover greater than 4%, except on some road-related landslides.
Species composition also varied between substrate types (Table 3) . Naturally established P. menziesii had the highest frequency of the tree species on all substrate types except bedrock. Alnus rubra was less frequent than P. menziesii, but Deschampsia . elongata 19 *Frequency (%) is calculated as the number of plots on which species occurred divided by total number of plots in each category. Only those species exceeding 15% frequency on total landslide or at least one substrate are included: -. frequency less than 15% elsewhere. t p ercentage of average cover is based on all plots on which species occurred.
had a hi gher cover on areas of secondary erosion and primary deposition and on primary scars. Tsuga heterophylla and Thuja plicata were more frequent and higher in cover on more stable substrates. Rubus ursinus was the most frequent shrub species on all substrates. The annual herbs Epilobium paniculatum Nun. and Madia spp. were 1.5 and 2 times more frequent on bedrock than on other substrates, respectively.
Discussion
Vegetation cover of individual landslides presumably increases with time, as illustrated in Fig. 2 . The sampling procedure used in this study, however, was to examine landslides ranging up to 30 years old during one time period. The failure to observe a statistically significant increase in vegetation cover over time in this sample is, in part, a result of variation within and among landslide sites. Variation included differences in relative proportion of substrate types among landslides and differences in cover for individual substrate types among slides; this variation resulted from contrasts in aspect. surrounding vegetation, soil types. and other factors.
Determining trends in cover and species composition on landslides and on substrate types is further complicated by the small sizes and wide ranges of habitats on individual landslides. Primary scars with their shallow to nonexistent soils and droughty conditions abut areas of primary deposition with their more favorable sites. Water is concentrated at seeps and in gullies, creating a habitat for wet-site species, even within otherwise droughty primary scars and areas of secondary erosion. Consequently, A. rubra and Petasites frigidus occurred in such areas of this study. The environment of a landslide is influenced not only by its size, shape, setting, and aspect, but also by the composition and stature of adjacent vegetation. The wide range in habitat conditions and shading noted here is also described by Flaccus (1959) , Mark et al. (1964). and Hupp (1983) .
As in our study. Flaccus (1959) , Veblen and Ashton (1978) , and Bogucki (1976) report patterns of vegetation cover that vary among substrate types. In all three studies, the lowest cover was reported on bedrock or landslide scars and the highest cover was reported on accumulations of material from landslides and secondary erosion. In our study. bedrock and areas of secondary erosion had limited rooting media and unstable substrates, but still maintained some vegetation cover. On the 6-to 28-year-old landslides sampled, total vegetation cover was 19% on bedrock
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predicted it would take at least 100 years for bedrock areas to revegetate completely.
Landslides remove both above-and below-ground biomass, redistributing it downhill. The removal of all propagules from the primary scar area precludes resprouting of damaged vegetation or germination of seeds stored in soil. Flaccus (1959) suggests that removal of propagules may contribute to the low component of shrub species on landslides. In our study, Acer circinatum and Ceanothus spp. , which sprout or germinate from seeds stored in the soil, had ueater frequency on deposition areas than on bedrock, areas of erosion. and primary scars. Removal of vegetation from the primary scar is not always complete, however; small islands of undisturbed or moderately disturbed vegetation may be left in place or transported downslope intact.
The effects of disturbance by landslides may persist because of subsequent erosion processes. We classified 17.5% of the landslide area into secondary erosion and depositional areas. On such areas, overland flow and gully erosion redistribute substrate material and slow revegetation (Flaccus 1959 : Bogucki 1976 
